The pathway in the formation of cyanogen chloride from the reaction of 1-naphthol (1) and 4-phenylimidazole with chloramine was investigated. The intermediates isolated in the reaction of 1-naphthol (1) with chloramine were N-chloro-1,2-naphthoquinone 2-imine (2) and o-carboxycinnamonitrile (6), the latter of which, liberating cyanogen chloride, was finally converted to phthalide-3-carboxylic acid (8). The products obtained in the reaction of 4-phenylimidazole (10) with chloramine were benzonitrile (14), benzoylformic acid (22) and benzoic acid (23) besides cyanogen chloride. Cyanogen chloride formed by the reaction of 4-methylimidazole with [15N]-chloramine was C14NC1. From these results the pathway of cyanogen chloride formation was elucidated.
Introduction
As is generally known, chloramine is widely generated as a by-product of the chlorination of public water and waste water, which commonly contain ammonium ion.2-4) It is also generally accepted that phenolic compounds as a component of humic material and amino acids are often contained in natural water and waste water. [5] [6] [7] [8] [9] In the previous papers,10-13) we reported that cyanogen chloride was formed by the reactions of aromatic compounds such as aromatic hydrocarbons, aromatic amines, phenolic compounds and aromatic amino acids with hypochlorous acid in the presence of ammonium ion in a neutral aqueous solution at room temperature and that the formation of cyanogen chloride was due to the cleavage of the aromatic rings by chloramine. We also reported that cyanogen chloride was formed during chlorination of raw water sampled at water treatment plants and showed that the formation of cyanogen chloride might be due to the reaction of humic substances with chloramine.14) This result suggests that chloramination reaction with organic compounds often occurs during the chlorination process. Although the chlorination reactions of organic compounds were studied in detail, '-21) little is known of the chloramination reaction in aqueous solution. This study was intended to investigate the mechanism of cyanogen chloride formation by the reaction of aromatic compounds with chloramine.
In this paper, we describe the pathway of cyanogen chloride formation from 1-naphthol and 4-phenylimidazole. 1-Naphthol and 4-phenylimidazole were selected as model compounds for phenol and histidine, respectively, in order to facilitate the isolation and detection of the reaction products.
Experimental
Proton nuclear magnetic resonance (1H-NMR) spectra were measured with tetramethylsilane (TMS) or 3- Further, compound 2, which gave the highest yield of cyanogen chloride, reacted with chloramine to give o-carboxycinnamonitrile (6) . The yield of cyanogen chloride from 6 was higher than that from 2 ( Fig. 1) . Therefore, it was concluded that 6 was an intermediate in the next reaction step.
Further, the reaction of 6 with chloramine resulted in 3-cyanochloromethylphthalide (7) and phthalide-3-carboxylic acid (8) . The yield of cyanogen chloride from 7 was lower than that from 6 ( Fig. 1) . Therefore, 7 was not a main intermediate in the reaction.
On the basis of these results, the formation of cyanogen chloride from 1-naphthol (1) is considered to occur through the following steps; first, the formation of 2, second, the conversion of 2 to 6, third, the chloramination of 6, then the decomposition into cyanogen 
